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缩略语 英文全名 中文全名 
APC antigen presenting cell 抗原提呈细胞 
APC allophycocyanin 别藻蓝蛋白 
BCA bicinchoninic acid 二喹啉甲酸 
BM-DC bone marrow-derived dendritic cell 骨髓衍生树突状细胞 
BSA bovine serum albumin 牛血清白蛋白 
BTX α-bungarotoxin α-银环蛇毒素 
CTL cytotoxic T lymphocyte 杀伤性 T 淋巴细胞 
DC dendritic cell 树突状细胞 
EEA1 Early endosomes Marker 早期内体标志分子 
ERK extracellular receptor-activated kinase 细胞外受体活化激酶 
FBS fetal bovine serum 胎牛血清 
FCM  flow cytometry 流式细胞术 






LAMP Low molecular polypeptide 蛋白酶体相关β亚单位 
LPS lipopolysaccaride 脂多糖 
MAPK mitogen activated protein kinase 丝裂原活化蛋白激酶 
MFI mean fluorescent intensity 平均荧光密度 
MHC major histocompatibility complex 主要组织相容性复合体 
MLR mixed lymphocyte reaction 混合淋巴细胞反应 
MR Mannose receptor 甘露糖受体 
MyD88 myeloid differentiation factor 88 髓样分化因子 88 
















Ni nicotine 尼古丁 
OVA ovalbumin 鸡卵白蛋白 
PAMP pathogen associated molecules pattern 病原相关分子模式 
PBS phosphate buffered saline 磷酸盐缓冲液 
PE phycoerythrin 藻红蛋白 
PI3K phosphoinositide 3-kinase 磷脂酰肌醇 3-激酶 
PRR pattern recognition receptor 模式识别受体 
Rab5 Early endosomes Marker 早期内体标志分子 
Rab7 Late endosomes Marker 晚期内体标志分子 
SRs Scavenger receptors 清道夫受体 
TAP 
Transporter associated with antigen 
processing 
抗原肽转运体 
Tc tubocurarine 筒箭毒碱 
TCR T cell receptor  T 细胞受体 
Th T helper cell T 辅助细胞 
TLR toll like receptor Toll 样受体 


















树突状细胞（dendritic cell, DCs）是表达乙酰胆碱 N 型受体（nicotinic 
acetylcholine receptor ,nAchR）的抗原提呈细胞（antign presenting cell , APC）。我
们前期研究发现，尼古丁可调控小鼠骨髓来源的 DCs 表面 nAchR 及 CD80/86 等
分子表达而增强 DCs 介导的 CTL 应答，尼古丁刺激 DCs 所表现的抗肿瘤效应提
示尼古丁可调控 DCs 的交叉提呈能力。甘露糖受体(Mannose receptor, MR)是 DCs
表面重要的模式识别受体，DCs 对抗原的交叉提呈不仅依赖于 MR 介导的抗原内
吞而且也依赖于 TLR4 通路活化所致的 TAP 内体转位。但到目前为止，尚不清
楚 MR 及 TAP 内体转位在尼古丁调控 DCs 交叉提呈中作用，尼古丁对人 DCs 是
否也有类似的调控作用也有待于进一步验证。为此，本课题先以流式细胞术、
Western Blot 检测尼古丁对 DCs 表面 MR、TLR4 表达的影响；次以通路抑制剂
阻遏相应激酶活性，流式细胞术、Western Blot 发现尼古丁调控 MR、TLR4 机制；
继以激光共聚焦显微镜结合基因沉默技术观察 MR、TLR4 信号活化在尼古丁增
强 DCs 交叉提呈中的作用；最后以人外周血单核细胞诱导 DCs，进一步验证尼
古丁对 DCs 表面分子的调控作用及其机制，为尼古丁调控 DCs 的临床应用提供
理论基础。 
结果显示：尼古丁刺激不仅明显增加 DCs 表面 MR 和 TLR4 分子的表达并
将 DCs 的吞噬能力提高约 160%，而且也明显上调 CD80 和 4-1BBL 分子的表达，
而 nAchR 特异性和非特异性拮抗剂 α-银环蛇毒素和筒箭毒碱则明显逆转尼古丁
对 CD80、4-1BBL 的上调作用，提示尼古丁经 nAchR 上调 DCs 表面 MR、CD80、
4-1BBL 分子表达；对信号激酶磷酸化的检测显示，尼古丁在 5-15 分钟明显引起
ERK1/2 磷酸化，PI3K 激酶的磷酸化也在尼古丁刺激 5-30 分钟出现。而以
LY294002 和 Wortmannin 抑制相应激酶活性后，尼古丁对 TLR4 和 MR 分子的上
调作用消失，提示尼古丁经 PI3K-Akt 通路上调 DCs 表面 TLR4 和 MR 表达；激
光共聚焦显微镜观察显示，尼古丁刺激不仅增强 OVA 与早期内体标志分子 EEA1
共定位，也促进 MR 与 EEA1 的共定位，而 MR 基因沉默则显著抑制 OVA-EEA1


















刺激不仅增加 SIINFEKL 与 EEA1、Rab7、MHC I 类分子共定位，也促进 MHC I
类分子与 EEA1、Rab7 的共定位和 SIINFEKL-H2K
b 复合物的形成，而沉默 MR
表达则 SIINFEKL 与 EEA1、Rab7 分子的共定位消失及 SIINFEKL-H2K
b 复合物
的减少，提示尼古丁对 DCs 交叉提呈的增强作用依赖于 MR 介导的内吞抗原定
位于内体；以 LPS 活化 TLR4 信号不仅明显增强 TAP 与 EEA1、TAP 与 Rab7 共
定位，而且也显著增强 SIINFEKL 与 EEA1、SIINFEKL 与 MHC I 类分子及 MHC 
I 类分子与 EEA1 的共定位及 SIINFEKL-H2K
b 复合物的形成，与 MHC I 类分子
相反，MHC II 类分子与 SIINFEKL、Rab7 共定位并不受到 LPS 影响。当以 SiRNA
转染沉默 MyD88 表达时，不仅 LPS 诱导的 TAP 内体转位明显降低，而且
SIINFEKL 与 MHC I 类分子于内体的共定位、SIINFEKL-H2K
b 复合物的形成也明
显降低，提示尼古丁对 DCs 形成 SIINFEKL-MHC I 类分子复合物的能力依赖于
LPS 诱导的 MyD88 介导的 TAP 内体转位；以人外周血来源的 DCs 进行的实验
发现尼古丁通过 nAchR-PI3K-Akt 通路调控 DCs 表面 nAchR、MR、TLR4、CD80、
CD86、4-1BBL 等分子的表达， 尼古丁对 DCs 交叉提呈能力的增强作用也依赖
于 MyD88 介导的 TAP 内体转位。综上所述：本课题发现了尼古丁调控 DCs 表
面模式识别受体的规律，初步阐明了尼古丁增强 DCs 交叉提呈抗原的分子机制，
为开展尼古丁刺激 DCs 的免疫治疗提供了理论依据。 

















Dendritic cells (DCs) is an important type of antigen presenting cells (APC), 
which has nicotinic acetylcholine receptor (nAchR) expression. Our previous studies 
showed that nicotine treatment could not only up-regulate surface molecules ex 
pression in murine bone marrow-derived DCs but also augment DCs-mediated CTL 
priming and reveals anti-tumor effects, indicating that nicotine treatment increases 
DCs’ cross-presentation abilities. Mannose receptor (MR), an important pathgon 
recognition receptor in DCs, has been found play important role in the process of 
cross-presentation,which include endosomal recruitment of TAP and cytosolic antigen 
translocation. But, until to now, little is known about the roles of MR-mediated 
endocytosis and TAP endosomal recruitment in nicotine-increases cross-presentation. 
Moreover, the effect of nicotine on human PBMC-derived DCs’ cross presentation is 
still to clarify. To address this object, murine bone marrow derived DCs was treated 
with nicotine and the expression of MR, TLR4 was firstly determined by flow 
cytometry and Western blot respectively. With inhibitors to inhibit related kinases 
activities, the mechanism of nicotine-increase MR and TLR4 expression was then 
investigated. With SiRNA transfection to knock down MR and MyD88 expression, 
the roles of MR and TLR4 signal pathway in nicotine-increase DCs’ 
cross-presentation was explored by confocal microscope observation and flow 
cytometry respectively. Lastly and importantly, the effect of nicotine on human 
PBMC-derived DCs’ cross-presentation was determined by flow cytometry and 
confocal microscope. he key point of our project is to explore the mechanisms of 
nAchR regulating cross-presentation, which could provide fundamental theory 
support for DCs clinical use to deal with tumor and viral infection. 
The results showed that: firstly, nicotine treatment could not only increase MR 
and TLR4 expression but also augment the expression of CD80 and 4-1BBL in DCs, 
















specific antagonist alpha-bungarotoxin and non-specific anatagonist tubocurarine 
obviously decreased nicotine’s effect on the upregulation of CD80 and 4-1BBL, 
indicating that nicotine upregulates MR, CD80, 4-1BBL expression through 
nAchR.Secondly, the phosphorylation of ERK and PI3K was efficiently induced by 
nicotine treatment, which reach the peak at 5-15 min and 5-30 min respectively. The 
usages of LY294002 and Wortmannin obviously inhibited the effect of nicotine on 
TLR4 and MR expression, indicating that nicotine upregulates TLR4 and MR 
expression by activating PI3K-Akt pathway. Thirdly, confocal microscope observation 
showed that nicotine treatment not only incerases OVA translocation to early 
endosome but also promote MR endosomal recruitment, whereas MR knock down 
abolished endosomal translocation of OVA and MR, indicating that nicotine promotes 
OVA endosomal translocation by up-regulating MR expression. Fourthly, the 
SIINFEKL-H2K
b
 formation and colocalization of SIINFEKL with EEA1, Rab7, MHC 
class I but not class II molecules, which were abolished by MR knock down, were 
efficiently increased by the nicotine treatment, indicating that nicotine-increased 
cross-presentation was MR-mediated OVA endosomal translocation dependent. Fifthly, 
the formation of SIINFEKL-H2K
b
 complex, endosomal recruitment of TAP and 
colocalization of SIINFEKL with EEA1, MHC class I but class II molecules, which 
could be abolished by MyD88 SiRNA transfection, were augmented by LPS treatment, 
indicating that MyD88-dependent endosomal recruitment of TAP play important role 
in nicotine increased murine DCs’ cross presentation. Most importantly, not only 
nicotine upregulated DCs surface molecules nAchR, MR, TLR4, CD80, CD86 and 
4-1BBL by nAchR-PI3K-Akt pathway but also the role of MyD88-dependent TAP 
endosomal recruitment could also be achieved in human PBMC derived DCs. Also 
these results indicated that nicotine increased DCs’ cross presentation by regulating 
endosomal recruitment of TAP and cytosolic antigen translocation, which could 
provide fundamental theory support for DCs clinical use to deal with tumor and viral 
infection. 
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树突状细胞（dendritic cells, DCs）是最为重要的抗原提呈细胞（antigen 
presenting cells, APC）[1]。本课题的前期研究发现，微量的尼古丁刺激可明显增
加 DCs 表面乙酰胆碱烟碱样受体（nicotinic acetylcholine receptor，nAchR）中 α7
的表达，也发现微量的尼古丁刺激可上调 DCs 表面 α7 nAchR、CD80/86 表达并
增强 DCs 诱导的 CTL 应答，尼古丁刺激 DCs 可用于预防和治疗肿瘤[2-4]。DCs
不仅通过其模式识别受体启动固有免疫，而且通过交叉提呈抗原，诱导 Th1 型
免疫应答而发挥抗肿瘤和抗病毒效应[5,6]。微量的尼古丁刺激可明显增强 DCs 诱
导特异性 CTL 的能力[2,4]，但迄今为止，尼古丁刺激 DCs 的研究多局限于表象等
方面[2-4,7-9]，尚不清楚尼古丁增强 DCs 交叉提呈抗原的机制。本课题的设计与实
施，不仅可发现尼古丁调控 DCs 表面模式识别受体的规律，而且可阐明尼古丁
增强 DCs 交叉提呈抗原的分子机制，为开展尼古丁刺激 DCs 的免疫治疗提供理
论依据。 
1.1 模式识别受体 MR 是 DCs 介导抗原交叉提呈的关键受体 
内源性抗原虽可经 MHC I 类分子途径直接提呈而诱导 Th1 型免疫应答，但
DCs 对外源性抗原的交叉提呈却在 CTL 应答中发挥更为重要的作用[10]。甘露糖
受体（Mannose receptor, MR）是 DCs 的模式识别受体，其与外源性抗原的结合
不仅可活化 DCs，而且也是 DCs 交叉提呈抗原的基础[11]。Burgdorf  S 等[12]以鸡
卵白蛋白（Ovalbumin,OVA）及 OVA Th、CTL 表位转基因鼠 OT-II 和 OT-1 为研
究 DCs 交叉提呈抗原的模型，发现清道夫受体（Scavenger receptors，SRs）介导
的内吞抗原和非受体介导的吞饮抗原在溶酶体中与 MHC II 类分子结合而启动
CD4
+
 T 细胞应答反应[12]，而 MR 介导的内吞抗原不但与早期内体标志分子
EEA1、Rab5 共定位，而且与早期内体中 MHC I 类分子共定位，但并不与晚期
内体标志分子 Rab7、胞浆 LAMP 及 MHC II 类分子共定位[12]。提示，MR 介导
的内吞抗原在早期内体与 MHC I 类分子结合是 DCs 交叉提呈抗原的关键环节，
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